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Specification 



1 . Title of the invention 

Method for maicing liposomes 



2. 



am 



Claims 



Method for making a liposomes, characterized in diat a 2,4-bis(poiyethylene glycol)-6- 
ino-5-triazine derivative represented by General Formula (1) and a lipid are used.. 
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In the formula, n represents an integer 6-200, and R, and represent (a) hydrogen 
atom(s), alkyi group(s), alkylcarbonyl group(s) and/or alkylsulphonyl group(s). R3 and R, 
represent (a) hydrogen atom(s) and/or (a) methyl group(s). Given that tlie amino group of 
General Formula I does not mean an amino residue contained widiin an enzyme or protein. 

3. Detailed explanation of the invention 
(Field of the invention) 

The present invention relates to specific 2,4-bis(polyethylene glycol)-6-substituted-^- 
triazine derivatives useful for making liposomes. 
(Prior art) 

Liposomes are known to be formed from bilayers of a large number of lipids 
(vesicles) with a constant mutual gap maintained normally by a water-based substance. There 
have been many reports of attempts to apply such liposomes to drug delivery (e.g. G. 
Gregoriadis: New England Journal of Medicine 195, 765 (1976)). 

However, when employed for drug delivery considerable drawbacl<s have been 
pointed out. Thus, these include tlie instability of a structure relying on fate which is a 
molecular aggregate due to interaction not based on covalent bonding, and drug leakage. A 
method for making liposomes coated with a polysaccharide (Japanese Unexamined Patent 61- 
69801), and phospholipid structurally reinforced by hydrogen bonding {Nippon Kagakkaishi 
IJ. Chem. Soc. Japan] p. 569 (1987)), have hitherto been disclosed with the aim of 
improving this point. However, they cannot said yet to be adequate, and the development of 
new methods has been strongly desired. 

(Purpose of the invention) 

The purpose of the present invention is to offer a method for making stable liposomes 
with which there is little drug leakage. 
(Constitution of the Invention) 

The present relates to a method for making polysome^ membranes characterized in 
tiiat the liposomal membrane is constituted by a lipid and a 2,4-bis(polyethylene glycoi)-6- 
substituted amino-^-triazine derivative shown by Formula ]. 



(Corrected to "liposome" by Amendment 1. Trans 



In Formula I n represents an integer 3-100; it is preferably 8-200, and can be a 
mixture. In the case of a mkture, it is desirable that the polyethylene glycol portion has an 
average molecular weight of 350-5000. 

In the formula R, and are (a) hydrogen atom(s), alkyl group(s), alkylcarbonyl 
group(s) and/or alkylsulphonyl group(s). 

Alkyl groups can be straight chain or branched chain. The alkyl group(s) can also 
have (a) substituent group(s); substituent groups can be selected from alkylcarboxyl groups, 
alkylcarbamoyl groups, alkyitliio groups and alkyloxy groups. When R, and R, represent 
aJkyl groups it is desirable that they have 8-30 carbons. 

When R, and R^ represent alkylcarbonyl groups it is desirable that they have 8-30 
carbons. The alkyl group thereof can be a straight chain or branched chain, and may have 
the substituent groups mentioned previously. 

When R, and R^ represent alkylsulphonyl groups it is desirable that they have 8-30 
carbons. The alkyl group thereof caji be a straight chain or branched chain, and may have 
the substituent groups mentioned previously. 

In Formula 1 R3 and R, represent (a) hydrogen atom and/or methyl group(s). 

Next, we give examples of compounds shown by Formula 1; however, the range of 
the present invention is not restricted to these. 
1. 

White powder m.p. 109-113''C 



n here is not a single value but is a mixture of 
average molecular weight 5000. (Obfainable 
easily from Seikagaku Kogyo KK. See 
IZrabodimenLs) 



White powder m.p. 98-102°C 
n is the same as in 1 

White powder m.p. 120-123''C 
n is as in 1 . 

White crystals m.p. llO-nS^C 
n is as in 1 . 

Oil 

n here is not a single value but is a mixture of 
average molecular weight 400. 



4 



n is as in 5. 



7. 



Oil 



n here is not a single value, but is a mixture in 
which the average molecular weight of the 
poiyether portion is 600. 



Examples of synthesis 

Synthesis of example compound 1 



Oil 

n here is not a single figure, but it a mixture in 
which the average molecular weight of the 
poiyether portion is 1000. 



(Active PEG2 made by Na^CO^ 
Seikagaku Kogyo KK) toluene 



Na2C03 l.O g and the amine 1 g were put into 30 ml of toluene and stirred at room 
temperature. Into tliis was put 1 g of Seilcagaku Kogyo KK Active PEG,, and the mixture 
was reacted at room temperature for 2 hours. After filtration and concentration, 5 ml of 
water was added and the insoluble material was filtered out; the filtrate was applied to a 
Sepharose 4B column eluted with 500 ml of water, and fractionated into 10-ml fractions, and 
on freeze-drying the liquid in fractions 15-28 the intended compound 1 was obtained as a 
white powder. 0.89 g. 

Its structure was confirmed by NMR. 

Synthesis of examp le co mpound 2 

Active PEG-, 



A 2 g was put into 30 ml of tetrahydrofuran and stirred at room temperature. 
Activated PEG, 1 g was added and stirred for 2 hours at room temperature. Gel filtration 
using Sepharose 413 was performed with the same separation conditions as for example 
compound i „ and 0.7 g of B was obtained. 
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Compound B 0.5 g was dissolved in anhydrous tetrahydrofuran, and then 2 ml of 

triethylajnine was added. C„H,,C-a (0.3 g) dissolved in tetrahydrofuran was added 
dropwise. Tlie tetraJiydrofuran was evaporated off and water added; after filtering out the 
insoluble matter the filtrate was concentrated, and on cooling 0.43 g of the intended 
compound 2 was obtained. 

Svndiesis of example compound 5 

polyethylene 
glycol 



PolyetJiylene glycol (mean molecular weight 400, Wako Pure Chemicals) 80 g was 
added to 30G ml of anhydrous tetrahydrofuran. and NaH (60% dispersion) 8.0 g was added 
slowly under cooling; tlie temperature was returned to room temperature and the system was 
stirred for 1 hour. 

Trichlorotriazine 18.4 g was added to tlie mixture, followed by stirring for 2 hours 
at room temperature and tlien stirring for i hour at an oil temperature of 60X. The residue 
after evaporating the tetrahydrofuran off under decreased pressure was redissolved in 
chloroform, and on purification by means of silica column chromatography (silica gel 3 kg, 
eluted witli chloroform) 53 g of the intended compound A was obtained in die form of an oil. 

Amine B 4.7 g and triediylamine 2 g were dissolved in 50 ml of tetrahydrofuran. 
Compound A 9. 1 g was added to this, followed by stirring at room temperature for 5 hours. 
The tetrahydrofbraji was evaporated off at decreased pressure and the residue was redissolved 
in chloroform, and on separation and purification by column chromatography (silica gel 400 
g, eluted with chloroform) 7.1 g of the intended compound 5 was obtained. 

As phospholipid used for forming liposomes, phosphatidylcholine, phosphatidyl- 
ethanolamine, phosphatidylinositol, phosphatidylserine or sphingomyelin from egg yolk, 
soyabean or other animal or plant source, or synthetically obtained dipalmiroyl lecithin, 
distearoyl lecithin or dimyristoyi lecithin, etc., can be cited. 

Next, examples of hydrophilic drugs which can be mcorporated in liposomes include 
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anti-neoplastic agents such as adriamycin, actinomycin, mitomycin, I-^-arabinol^ra|nolsyI- 
cytosine, bleomycins and cispiatin, etc.. antiviral agents such as interferons, etc., amino- 
glycosides (e.g. gentamycin) and ^-lactam antibiotics (e.g. sulbenicillin, cefotiam and 
cefmenoxime), etc., peptide hormones such as TRH, "ryuburoraido" |?J and insulin, etc., 
enzymes such as lysozyme, asparaginase and glycosidases, etc., immunological adjuvant^ 
such as muramyl dipeptide, etc., and proteins such as immunoglobulins and various toxins. 



etc. 



There is no specific restriction as to tlie quantity of compound represented by Formula 
1 that is included in making liposomes of the present invention, but preferably tlie ratio is 
0.1-1.0 to 1 of composite phospholipid forming the liposomes (weight ratio). 

It can also be mixed witli additives such as sterols, etc. (e.g. cholesterol, |8-sitosterol, 
stigmasterol or campesterol\ etc.). 

For forming liposomes using a compound represented by Formula 1 and a phospho- 
lipid many normal metliods for making liposomes are known: namely vonexing (A. B. 
Bangham MoL. Biol. 13, 238 (1965)), sonication (C. Huang, Biochem. 8. 344 (1969)), 
"purebeshitaru" method (H. Trauble, Neurosci. Res. Prog. BuU. 9, 273 (1971)), ethano! 
infusion (S. Batziri, Biochem. Biophys. Acta 298, 1015 (1973)), French press extrusion (Y. 
Barenhollz, FEBS Utt. 99, 210 (1979)), cholic acid removal (Y. Kagawa, J. Biol. Chem.. 
246, 5477 (1971)), Triton X-100 batch pouring (W. J. Gerrilsen, Eur. J. Biochem. 85, 255 
(1978)), Ca^+ [illegiblel (D. Pahadjopoulos, Biochem. Biophys Acta 394, 483 (1975)), edier 
infusion (D. Dreamer, Biochim. Biophys. Acta 443, 629 (1976)), annealing (R. Uwaczeck, 
Biochem. Biophys. Acta 443, 313 (1976)), freeze/thaw (illegible! (M. Kasahara, J. Biol. 
Chem. 252, 7384 (1977)), W/O/W emulsion mediod (J. Matsumoto, /. Colloid Interface Sci. 
62, 149 (1977)) and reverse-phase evaporation (Proc. Nai. Acad. Sci. USA IS, 4194 (1978)), 
etc., and in the present invention any of the above methods can be used, although it is not 
restricted to these. 

(Benefits of the invention) 

The compounds of the present invention are efficacious compounds for minimizing 
the leakage of the contents of liposomes formed when lipid is dispersed in water. Thus, by 
mixing a phospholipid with a polyethylene glycol derivative represented by Formula I, ihe 



Changed to ergosterol in Amendment 2. Trans. 
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surface of the liposomes becomes covered witli the polyether, ajid leakage of the contents of 
the liposomes is minimized. Compounds represented by Formula 1 have the basic structure 
of a crown ether and hold firmly surfaces which take up Na^ and which are abundant in 
the body. They can also suppress aggregation of the liposomes themselves by producing a 
strong charge in the surface. In addition, the etlier chains suppress leakage of liposome 
contents from the inside of the liposomes by hydrogen bonding directly or via water 
molecules witli hydrophilic portions of the lipid. 

It has also already been confirmed in numerous animal experiments that the 
polyethylene glycol portion accounting for the major portion of compounds represented by 
Formula 1 is harmless from the viewpoint of biotoxicify, which is a drawback of artificial 
lipids (Nihon Can Kagaku CMryo Zasshi (Jpn. J. Cancer Chemotherapy) 11, 2227 (1984), 
so that the present invention is also very beneficial from this point of view. 
Embodiment 1 

Egg yolk lecithin 30 mg, example compound 2(10 mg) and cholesterol (1 .4 mg) were 
dissolved in chloroform (3 ml), which was evaporated off at decreased pressure to form a 
thin membrane. After thorough drying, 3 ml of carboxyfluorescein buffer solution (200 mM 
Tris-HCl buffer, pH = 5.6, containing 200 mM NaCI) was added, and after vortexing for 
5 minutes the mixture was sonicated for 10 minutes using an ultrasound generating divice 
in the form of a probe. After gel filtration with Sepharose 4B, the mean particle size and 
phospholipid concentration were determined in each fraction. 

Next, carboxyfluorescein leakage at 50°C in Tris-HCl buffer (pH = 8.6) was 
followed by determining fluorescence. The results are shown in Figure 1. In Figure 1 die y- 
axis shows the percentage of carboxyfluorescein leakage and the x-axis shows time. In Figure 
1 line 1 is for liposomes made using only egg yolk lecithin; line 2 is for liposomes made 
using egg yolk lecithin and cholesterol in the proportions 3 : 1; and line 3 shows the 
liposonies of die present invention. In the case of 1, 2 and 3 the determinations were made 
using the fraction of mean particle size 0.28 ^ni. From Figure 1 it evident that leakage of 
the liposome contents is minimized by using a compound of the present invention. 

The same tendency was obtained when the type and quantity of compound of (he 
present invention were altered. 

4. Sifiipiiitcd expJanation of the dijsgrams 
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Figure 1 is graphs of changes in die degree of leakage of conieiits (carboxy- 
fluorescein) from 3 types of liposomes. 

Line I represents liposomes using only egg yolk iecitliin; 

Line 2 represents liposomes made using lecithin and cholesterol in the proportions 

3:1; 

Line 3 represents liposomes of Embodiment 1. 

Applicant Fuji Photo Film Co. 
Figure I 



AMENDMENT 

19 September 1988 



To the Director of the Patent Office 

Indication of tlie matter 1988 Patent Application 76862 
Title of the invention Method for making liposomes 

Amending party 



Involvement with Lhe matter Applicant 

Address 210 Nakanuma, Minamiashigara-shi, Kanagawa-ken 

Title (520) Fuji Shashin Film KK (Fuji Photo Film) 
Agent A. Onishi 

Subject to amendment "Detailed explanation of the invention" of the 

specification 

Contents of amendments 

Amend the columns of "Detailed explanation of the invention as listed below. 
In column 3 line 10, amend "polysome membranes" to "liposome membranes". 
In column 1^ line 8, amend "campesterol" to "ergosterol". 
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